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Abstract Traffic grooming, which can multiplex many low-rate traffic streams into one
wavelength, has been received much research attention. Much work related to traffic groom-
ing has been done in WDM/SDH rings, and the work is relatively less in WDM mesh net-
works. In this paper, under static traffic environment, an effective heuristic traffic grooming
algorithm based on plane-construction is proposed. Simulation results show that the algo-
rithm performs better than other previously proposed algorithms.

Key words Traffic grooming, Wavelength Division Muitiplexing (WDM}), Routing and
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FHEE W 45 L 55 B A AR M < DA R ) B B AR T 6 W 48 1R & 28 (OXC, OADM £§) gyt
B, WHAEREAR (WDM) BA T —RETFREMZ A, EF WDM #9ER SiEK 580
(Routing and Wavelength Assignment, RWA) S8 5 B 25T BN, X B TEARET
BACREERY. BT WDM JEM &S K TR S EE R (. 0C-48, 0C-192, &
F 0C-768) fif&imA R, ERMBEWFERFRE/DT —MERE, BRI — L FEREH
R —4&tH (lightpath) , BRERIARM. FHETMETHFRKEESFIRY, RAT6E
REN S EREE REILINRIRAY SRS, B FER SR S ERE RICEEEA—
6B (54, BUER I S5 T £ Bk6R (multihop lightpath) AYAESEIC B EH, Xt
RATRAL S BH S (traffic grooming) HiAR, AHFEESME / T (add/drop) Ak 589 5EHE
i OXC/OADM HE#E3%% (bypass) , #Emim/ /%S Sa i,
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WDM W&yl & Re stz zmr Y, BRBAWERFELRM (ring
networks) . E 87 REELSCHERTFIT T FOR 48 i b & B S i 0710 | ek [6,7,9] BT
AN SR TA S EESEE. Sk (8] AR MEME (ILP) 7550 MUk ™ o v 45 Bt B
B OEMMBKARSAEES LR, BNV TFHRSLEBRTHLSRES RE K. Zhuld
P2 LA B R AT R BBkl & B (Maximizing Single-hop Traffic, MST) iz X4k
YURF A (Maximizing Resource Utilization, MRU) , H4% &5 52 LA R 48 f9 ok &= ik B4R (0 1L
HA%, WA EER A First-Fit BN, #enRFHEBNEE, (BESFREEEED EERE%
g8 T, MST # MRU Zkr 30 B sk ay W 25 YR 2RSS, A 30RFot i B AR R i
PRAE Y I B B 1 R R ) S T YL &5 BB 1] .

& SCRF S & T B I K S B TR H B WDM BUR R i b 45 BB S 0, AR bR
BBEMRNE—PAL B, DS e R T NS R B AR, BT —MEs
R —FHEHEE Y (Plane-Construction Algorithm, PCA) | 755w 7E % 18 I 48 ¥EI5 5 A
REFN, FEEE—ATEARBLSENHK. 52 WIEEAT, BT MR L K& HX%EE
M, 83 WIEMMIRT PCA Bk, 55 4 W hBEEHMEMT, 4T PCA #¥k5 K. Zhu fiig
Ay MRU v (2RSS T, MRU g94EREHTF MST) BuvERBELES, 88 5 34 A4,

2 [a]@E 5 4R

&2 WDM RURMY RIS G(N, L, W), HF N AW EE; L AW a5, SR
H—X MR REEAEAR; W AT LKL, N, (L], W] 550 M sii
. 4S8 EHMESREA ke, G0 ME S 00 dmmmina o, B b
(WRS) fasA#Hs. WRS g1 OXC . RGHEHEHETLU K OADM AR, SEMIBIKAYH
MUK ER /AT, BAER SRS E / T (adding/dropping) 2
BE LA BAKHE L 5 515 (low-speed traffic-grooming) ThfE. & W& S ARG RKBLREES,
HW AR EEETENEES., SMERWRKEEN C, Fribsiiaym/MER g, C
g R, BRESMERKAENR 0C-48,

E ST LA R

r(s,d) : FEF (s5,d) W—RFEREFR, —RPF—EbEE, HWREEN OC-
y(y € {0C-1,0C-3,0C-12}) , Hey RFMFEFF KO EREFR., FEFEEWT R (s,d)
ERTEETFEZL A r(s,d) .

dst . FRW AN (s,d) [EH N OC-y Ay lh FEREREE.

D UHBmKEESESE D={D,y}, D, ={dj’}, HhseN,deN.

BT S EBE R RE L/ NT — MR EY, WEAE NS ERHETH B, K
EABURLSRES, B—4 NP se2iam M0 | EaRm o RAELE i m 6, Bk (6 49
BIFRIRAAXT R 5, RATLUK &L E B RAM TR HENIF, REHRES M IFAEE K
Kerfgg | sRTTAE WDM FURIF SR ilL & B AR, wRERAE 5 T8 S,
FRIBEFZHANSEHT, DRBRAER.

XtF WDM RIAR W 3 (17T LA 2% [ anfop 4 2 Mk 5535 84 dE A — 1~ (Plane-Construction
Algorithm, PCA) : @ F R —F S e SR ARSI (aggregate traffic) , #ilk%
W, HRAWFRAR (EAEERaFR) 8— MK TFE, 8z KRSERS ZFE A
B, FARGEE RN — PO AR BN AR T AL S0, WAERL BRI BRI A
BB (IR LAIRBNRA M FE IR DRy — 4R, B FR A R EERS)
BRI AT EHTEZMLEERS. BAMT: 4 R(s,d) A E s M & d AT EEEMNLE
I [ HEREAR AW SR, B R(s,d) =Y (y-d5?) . & XRLEYRER AR RsUitility
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2 RsUitility= R(s,d)/Hsq , HF Heq R &5 (s, d) [EAY R/ Bk B 2R Bk % RsUitility {8
FRBWACHERS BT S8, WS WP TR R T AW R E R, A
AAERKYTEFFAZRE R(s,d) i, M H3T (s,d) 18895/ BEERE B4 T T A9 B 4
B TFAESE IR, X T /R AEYE I T T PO 52 AR 1< 43 B B 3R 4 Mk 45 V0 8 B B AP T A 4
. BEXEARGHITT £, ARIARLFEIAENSE, e — 4 FEOMETER. WRM%
BRAFORKME L FHEERE) , WHA LS T LGEE — b FIATE, EXMERT, 5
LS 2 EER/N. FNEDSELMBEIE, HEAREIERN LI F R r(s,d)
165 P O SR ST R ST R R R A P Al 45 B ISR T SR KB/ B BT

MRUV 53R NBH Bk SRR FI SR R(s,d) FF4G, 06 B E R BOE BB A% First-
Fit WA BRI @RI, REELERM EHTEHILSRES.

HAVAE 1 RHATHS, BB SBEN 4, PR REA LRGN, WRAR
K 48, FHBILEANH AM (a,0), (a,¢), (a,d), (b,¢), (b,d), (c,d) HRA WSS FIH 30, 72,
24, 32, 26, 24, FHBRRNOWFWFELET R, BAIOEBHRREN (a,0), (b,d), (a,d),
(c,d) WA 1(a) FFR, BEIMLEFHREE R(a,b) = 30, R(a,c) = 24, R(b,c) =32 . B 1(b) K
STRLAY BRIR D, B 573 B FUF B 12 8 < G B 0 TR A T PRI R, AR B TR R B4R £ b
BRI A BEUR g P 455 A% (BT P AR 35 o SR A e B [ AMERYEIRE 8045 ML 5 MR S & B
#. MRU Sustsst¥oimE 1(c), 1(d) B, BfUET BB b H ST REm Rk,
(BRI ER B — S RIS, BAXA MRU R At PCA LS.
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(a) MII I K PCA St @ is i (b) 3 (c) MRU G @& 5 (d) MRU Hg#i4h

B 1 PCA S¥ViEiEREHE

3 PCA HiAiE&E

METTE [ AT LLE S PCA FIEAEARR M7 403 F T B 2 B o3 7 B 35 5 B b 3
VAT IR, M IR e e 55 BB 40 PB4 7ESE 1 B A AT R EI B L 55 (s, d)
HATICR, BEIREWFTE R EARAE, RT3/ I5UF 8 H B R B b 77
KB LS MRS HEE—EKTFE L, WERIFEFZN, RIS RE R RHLF
BrAELS. %2 FRSAELS 1 34y B RBILF A B IR T 8 TR AL 55 5 2 Bl %5 Bt
%, BuLpbEsE (LRSI TTURRRMKEK) . PCA BRAKMENT

8185 RimiMgE GRWT) -

(1) ¥ &AW AR (s, d) WAL FERFRHAITICR, BEREGWSEH R(s, d) .

(2) HREAT AXTE B/ DB R poa . KB RBECN Hoa .

(3) M HE—AH i L+ Heap , HEPRISTEN R(s, d) , IHEZREFTEFMAR R(s, d)/Hsa
KRB/,



w4 BEFM%E WDM RRE S aE TP EaEm LS Rne s 545

(4) for (i = 0; ¢ < WKHBEH A Heap NAZ; i+4)
{
while(Heap R H =)
{
B i Heap FRIRIEF AHREEHN R(s,d) , RER/NBEEER poa BETEEXL
K HEEIL (BIE psa FIETEEM BT S EUMBS; pa E25TR (2) FELBT) .
(a) INRAE, FEXAYepg L &HEW SXT (s,d) BIGYNL FERE, A REBEHET
Bl &Rz FK R (s,d) . 4 FreeBand= C — R'(s,d){(Z R FreeBand> 0), ResidualTraffic=
R(s,d)—R'(s, d)( 248 ResidualTraffic> 0) . #n5% ResidualTraffic KF 0, 14 R(s, d)=Residual
Traffic , IR HEMAZE] Heap %, R FreeBand KF 0, EBEIHINETHER KW RN
FreeBand @B K88 (MR EX (s,d) MELTFE—BIEKEER, N RiRHRAOTFIRE
FH, FHEFRRKER) s XTHT 0MHEE, THESTMTE, RNAERHINEG
o R 3T X R B HE R A BB
(b) RAEE, W R(s,d) IIA—A5 Heap MBI EIELEH tmpHeap F3.
}
¥ tmpHeap WRF Heap , F&t tmpHeap 1§75,
}
(5) fnk Heap A=, WHERKREHR, TN, PUTH 2 ¥4, T Heap FiEF T IRFREE MK
SRR S AL .
%24 B EMLSERS (FBRUT) -
(1) B LT EEA Y AT BEE B2, KE A ST EIA AL SR r(s, d) Bl
N LR BT IR A R NS IR HEE.
(2) FERITFDEARIK A r(s, @) EEERAR: BIF r(s,d) B9 I TR A KEA BB GER BT
RIW R AR REEN (— T BIEKERTTRER S MRIRIBIE, RER R IZER A5
AR , EH B S R A, MRRFERD, WEATERIZ r(s, d) @ILER.

4 RSN SR
4.1 FEMREIF MBS

(1) FEZEZ (Blocking Probability, BP) - fEHEHMERIMMLFEERFAT, BEMR
TR AL SRS S AL S ERTE Rz W, BELEREN, A4 L &K
A, FEYERERLET.

(2) BYSERFPE: 7£ WDM JEMEdr, —NERep & HTeT B T ) SR IE oY A B 06 s Wk 4K
KRIOMTUBES N YEBARGIEEME, FHBIERETLLERBOT RS, ®RINEBEIW
NVEM e TR JEB M E PR Hy AL ST Bk H, . B>, BTRERLSE.

4.2 (FRSH

AR AT EAF EOR LR A1 69 PCA FHFI 30k [10] e Yol & 25 v V3 00 T4
fEf Ay MRU Bk itere 2R, B 2 iR {FEERA NSFNET WGHFMIR, 14 A~
M. 21 e, BESNMYTABARALVEERRES, S ERGEKEMRE, 841 BT
FRRYH S OC-48 . W& FHREFEMILFZET AT, 8 1 XA FTLFHRA
FERBERPE, BRAE OC-1 74, FEET mxtafy OC-1 Mk &&E#E R E 7€ [0,96) 1811
S)AE. B2 AR ANLHREE: B ERERTLLE 0C-1, 0C-3 f1 OC-4 FHEE
—A, Bk (1) S84 SxTEg OC-1 #iEk$ B 7 [0,48] @844, (2) &
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A R xTE Ay OC-3 HHEH-R B 1 (0,8) Fg 4T,  (3) &AW sty OC-12 ERHH K
BB [0,2] EHTHAA.
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B2 Rgmit B3 Mk ki

3ME 4 BAER 1 Mk S T REBEEHET PCA Ml MRU HHAERE LA M & .
ME 3 FRLIFH, PCA HrkagfAZERE MRU #E:K, LSEKE0EKE 3 it, WEHTEYE
R TN O, PHEERN O, JHFANLSFEART AR EFEHESIEEAT S, E
2B Z S B SFIXEAT R, WA 4(a) PRITATLUEER, EHERMNHELT, KA PCA
HALEEEE B P Y BB EUR T MRU Sk i3 a0 P W IEskie. B 4(b) Ak 5SS Tiotr Bk
& H, SebEHE B HR R NG N, X R E W E RN, WL R AL E oS, (A1
BIATMORRFTE LRI B 0L S E RO ME YR, Bt H, 8, HkE0Rid 3 i,
REEBREOE N H, TR, BAMBKECY 30, MALS CRESEMBEER, K
m, EZELEES B PIATE, B H, BEN KM TR, RetRiITER PCA
HkB3e H, b MRU 8208 H, B, FERKRECH 16, MRU #dk 558 85 F 565 Bk
1, BRHK PCA K, ERXMTEREIMGERGEENLS, TENENELEBOCHE
£ (Hoet MRU @9[EZE3 KT PCA FRHTSE) . AT LIS dX a0 4510 X T Sk BE A 32k
% PCA Hikth MRU H i MEREE 4.

PR O MRUBIPCA s : T e DOMRUEPCAJ -

B A
(a) LB TH I TTBE R 5 1 (b) 98 KEHE A SR 1 1

B4 MRU 1 PCA Skt EaE b (W %R o 2 — W T RLEE)

®1ME S HER 2 LFFREEERMT PCA f1 MRU HrkwytmE. AR
1 AT LAE BV HEE P KL E R8N, & Tkl BE A% 1550 AR ZH S SLAY b 55 34 45 3 R 45 B 032 T ok
/I, 3 H PCA FRERUMERER KT MRU BkagtErE. ME 5(a) FFTAES] PCA FrEEsrsy
Yok e F B BT MRU 5 T 5(b) o, HEKEHw 2, 36, BTFEBBIMIFRTE
£ PCA Fraeg@ iy Z Bl S RERBRAKRLEF MRU FTaesoay b 5354 (W& 1 JfLE
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), B S EB BT MRU . BRI, X TF2RE%E, PCA kiR
it bt MRU EE4FaYPERE.

&1 7 NSFNET Bl EFRIIER

197 AV L B 45 Tl BE A b 55 R
B MRU PCA
0C-1 0C-3 0C-12 0C-1 0C-3 0C-12
1 1518 281 87 1518 281 87
2 516 70 49 257 45 48
3 453 59 41 206 42 40
4 263 52 36 0 39 27
5 0 0 6 0 0 0

D peesesreacananasan O MPU EIPCA osssssssasassnanay
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1 2 3 4 S | 2 3 4 5

B Bl
(3) Jeltk SV B TRk 0L 75 1) (b) Mk 4% T B G M
5 MRU # PCA $iskagtkRE b (g5 0 24 SEh )
5 &5t

EARXF, BAVPFR TiHSLETREBARKE MG # WDM RER R o 9k %5 5515
BB, BT RS TR A E— R BAR, Ll ERmEime B R e A5 =
Ak B AREO L & BB S s — FEEE (PCA) . PCA BHE R 7E 64 i 5 B bR 45 12k
T, WfErFEArFH L B, 2TV EES. RFER T B B 7 g O, AR
YAl ST IR LA BB AT LS B RS. (FHARIEY PCA ks, TRERER
RLEEH FE AL R RAEZSRBEW R FHAT, SRME LML, #REEE 7050 1R R4 5T,
REEFHORETLE. Fih PCA BER—MERMLEBEHSH L, RAERFAIMEGE.

& F X #W

[1] Modiano E. Traffic grooming in WDM networks, IEEE Commaunications Magazine, 2001, 39(7):
124-129.

[2] Rudra Dutta, George N. Rouskas. Traffic grooming in WDM networks: past and future. NCSU
CSC Technical Report TR-2002-02.  ftp://ftp.csc.ncsu.edu/pub/tech/2002/TR-2002-11.ps.Z.
http://www.csc.ncsu.edu/faculty/GRouskas/Ar0Ora/Journals/Network-Dutta-2002.pdf

[3] Special Issue: Telecommunications Grooming. Optical Networks Magazine, 2001, 2(3).

[4] Chium A L, Modiano E H. Traffic grooming algorithins for reducing electronic multiplexing costs
in WDM ring networks. Journal of Lightwave Technology, 2000, 18(1): 2-12.

[5] V. R. Konda, Chow T Y. Algorithm for traffic grooming in optical networks to minimize the

number of transceivers. 2001 IEEE Workshop on High Performance Switching and Routing,
Dallas, Texas USA, 2001: 218-221.



548

BT 5 F B 2 # 26 &

[6]
(71

s

(9
(20]

11)

Srinivasan R, Somani A K. Request-specific routing in WDM grooming networks. ICC 2002,
IEEE International Conference on Communications, New York, USA, 2002, vol.5: 2876-2880.
Srinivasan R. Dynamic routing in WDM grooming networks. Technical Report, Dependable
Computing & Networking Laboratory, Department of Electrical and Computer Engineering,
Iowa State University, August, 2001. http://ecpe.ee.iastate.edu/dcnl/technical report/DCNL-
ON-2001-001.pdf

Hu J Q, Leida B. Traffic grooming, routing, and wavelength assignment in optical WDM mesh
networks. Sixth INFORMS Telecommunications Conference, Boca Raton, Florida, USA, March
10-13, 2002. http://people.bu.edu/hqiang/papers/grw.pdf

Thiagarajan S, Somani A. Traffic grooming for survivable WDM mesh networks. Optical Networks
Magazine, 2002, 3(3): 88-98.

Zhu K, Mukherjee B. Traffic grooming in an optical WDM mesh network. IEEE J. on Selected
Areas in Communications, 2002, 20(1): 122-133.

Zhang X, Qiao C. An effective and comprehensive approach for traffic grooming and wavelength
assignment in SONET/WDM rings. IEEE/ACM Trans. on Networking, 2000, 8(5): 608-617.

18 R - 5, 1976 &4, W4, HWEEHFRIFHN WDM XRMEHEAR, G5 RWA | Wi RS UK M%

HEfF.

ERR B, 1932 F£4&, #g, BLAESN FEIRKKL, BWEERATABERRSEHFEEEAR.
B\ B, 1970 F4, HtE, FEHFRFEAY WDM AREHER.
£ R B, 1971 &4, @i+, BER, BREEFRITENEFERS B EFEAR.



